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A biorational approach to soybean cyst nematode management in Iowa
Abstract
The soybean cyst nematode (SCN) first appeared in the United States in North Carolina during the 1950s. In
Iowa it was first discovered in Winnebago County in 1978. SCN is spreading rapidly; it has since been
identified in over half of the counties in the state (see Fig. 1). In Winnebago County alone, soybean yield
losses from SCN have cost growers nearly $2 million per year. Of the more than 2,000 soil samples from
around the state that were tested for SCN by the Iowa State University Cooperative Extension Service in
1988, more than 75% were found to be infested. In fact, a majority of the samples contained SCN densities
greater than 1,000 eggs per 100 cubic centimeters of soil. Significant yield suppression has occurred in Iowa at
densities much lower than this. In short, SCN is rapidly becoming a major factor in limiting soybean yields
through Iowa.
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management in Iowa 
Background 
The soybean cyst nematode (SCN) first ap­
peared in the United States in North Carolina 
during the 1950s. In Iowa it was first discov­
ered in Winnebago County in 1978. SCN is 
spreading rapidly; it has since been identified 
in over half of the counties in the state (see Fig. 
1). In Winnebago County alone, soybean 
yield losses from SCN have cost growers nearly 
$2 million per year. Of the more than 2,000 
soil samples from around the state that were 
tested for SCN by the Iowa State University 
Cooperative Extension Service in 1988, more 
than 75% were found to be infested. In fact, a 
majority of the samples contained SCN densi­
ties greater than 1,000 eggs per 100 cubic 
centimeters of soil. Significant yield suppres­
sion has occurred in Iowa at densities much 
lower than this. In short, SCN is rapidly 
becoming a major factor in limiting soybean 
yields through Iowa. 
The degree of yield suppression by SCN cor­
relates directly with SCN populations present 
at planting time. A sedentary internal parasite 
of soybean roots, SCN lays eggs that overwin­
ter in the body cavity of adult female SCN or 
cysts, hatch in response to certain environ­
mental and chemical stimuli (see photo), and 
infect roots as motile, or moving, vermiform 
(wormlike) juveniles. Once infection occurs, 
the female nematode establishes a permanent 
feeding site and becomes immobile. 
Nematicides and host resistance are two cur­
rent recommendations for the management of 
plant parasitic nematodes. However, using 
nematicides that are not readily biodegradable 
poses potential environmental problems. Use 
of host resistance, while environmentally safe, 
works best in the context of three-year crop 
rotations, a strategy unattractive to Iowa corn 
and soybean growers. Simple use of resistant 
varieties can be used alone for short-term 
management of SCN, but such varieties are 
not available in all locations or do not perform 
well agronomically in fields without the nema­
tode. Furthermore, soybean resistance to SCN 
is race specific, and overuse of resistance has 
resulted in the evolution of SCN populations 
capable of overcoming the resistance. 
Safe, effective alternatives are needed to 
supplement the use of host resistance in man­
aging SCN. Although application of chemical 
pesticides grows increasingly unacceptable, 
these investigators structured their work on 
the fact that minute quantities of certain ben­
eficial chemicals are always present in the 
soil—for example, vitamins essential for plant 
growth. Other chemicals act as messengers to 
signal the transition between stages in the life 
cycles of plants and animals in the soil. One 
such chemical is glycinoeclepin A, the hatch­
ing stimulus for SCN. Glycinoeclepin A, an 
incredibly effective stimulus, was the focus of 
this project. Capable of initiating hatching of 
SCN eggs at concentrations as low as one part 
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Fig. 1. Known 
distribution of 
soybean cyst nema­
tode in Iowa through 
fall 1993 (58 coun-
ties—darker shading 
denotes counties 
where SCN has been 
detected). 
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per trillion, it occurs naturally and is readily 
biodegradable. While investigators have iso­
lated it, isolation of large quantities from natu­
ral sources has proven unfeasible. 
The goal of this project was to devise a syn­
thetic pathway to prepare pure glycinoeclepin 
A from commercially available starting mate­
rials. This goal included applying 
glycinoeclepin A to soils infested with SCN to 
initiate premature hatching of eggs before en­
vironmental conditions are conducive for SCN 
survival. Due to glycinoeclepin A's potency, 
only small quantities of the compound would 
need to be applied. 
The objectives of this project were 
(1) to	 develop a direct synthetic route to 
glycinoeclepin A and analogs; and 
(2) to demonstrate that glycinoeclepin A and 
its analogs can be used to manage SCN by 
laboratory, greenhouse, and field tests. 
A secondary objective necessary to develop a 
useful product for sustainable management of 
SCN was to identify which subgroups in the 
chemical structure are critical in stimulating 
hatching. 
Approach, methods, and findings 
Overview: Twelve glycinoeclepin A precur­
sors and analogs were evaluated for their ef­
fects on hatching of SCN eggs in the labora­
tory. Each compound was tested a minimum 
of two times in separate, independent experi­
ments. Tests employed surface-disinfested 
SCN eggs under sterile conditions at room 
temperature (23 to 25°C) in complete dark­
ness. Eggs were incubated in several concen­
trations of the test compounds for 24 to 30 
days. All experiments included distilled water 
as a negative control treatment and zinc sulfate 
as positive control treatment because zinc has 
been demonstrated to stimulate hatch of SCN 
eggs in laboratory assays. 
Of the 12 experimental glycinoeclepin A ana­
logs examined in this project, only one, GK1 ­
1991, was found to significantly affect hatch 
of SCN eggs. GK1-1991 was evaluated at 
concentrations of 0.001,1.0, and 10.0 parts per 
million and was found to stimulate hatch of 
SCN eggs at the highest concentration. The 
average percentage of SCN eggs hatching in 
the 10 ppm solution of GK1-1991 was 43.6%. 
This level of hatch was significantly greater 
than the hatch in distilled water (30.2%) and 
was not significantly different from the per­
centage hatch that occurred in zinc sulfate 
(39.6%) solution. Hatch of SCN eggs in the 10 
ppm GK1-1991 solution and zinc sulfate was 
significantly greater than hatch in water after 
only two days of incubation; this difference 
lasted throughout the entire experiment. The 
two lesser concentrations of GK 1 -1991,0.001 
and 1.0 ppm, had no effect on hatch of SCN 
eggs relative to distilled water. 
However, when GK 1-1991 was re-evaluated 
in the laboratory, no effect on egg hatch was 
observed. A third assay also revealed no 
stimulation of egg hatch by GK 1 -1991. Inves­
tigators were unable to determine whether 
GK 1 -1991 was a mixture of compounds or if 
it was unstable and degraded by light or tem­
perature. Repeatable stimulation of egg hatch 
in the laboratory was never achieved; thus, 
testing of GK1-1991 in soil environments in 
the greenhouse and field was not pursued. 
Findings: No new strategy for management 
of SCN was developed as a direct result of the 
work supported by this grant, primarily be­
cause of unforeseen difficulties in synthesiz­
ing the experimental compounds and the un­
predictable lack of activity of the compounds 
that were successfully synthesized. In addi­
tion, the one compound that exhibited some 
biological activity, GK 1-1991, did not per­
form consistently, but it may not have been 
active enough to make field application prac­
tical even if it had performed reliably. Had 
GK 1-1991 consistently stimulated hatch in 
the laboratory, it would then have had to also 
stimulate hatch in soil environments at a very 
high rate to make the compound feasible for 
use on a practical field basis. Nevertheless, 
valuable progress has been made toward de­
veloping a compound for stimulation of SCN 
egg hatch in the absence of a host. 
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Potentially, GK1-1991 would be useful in 
reducing SCN egg densities in infested soils if 
it consistently stimulated hatch of SCN eggs. 
The egg is the long-term survival stage of 
SCN, whereas the juveniles that hatch from 
SCN eggs are short-lived and must enter living 
host roots within days to weeks or they will die 
in the soil from starvation, parasitism, or pre­
dation. Compounds that stimulate the hatch of 
SCN eggs would ideally be applied to infested 
fields that are subsequently planted with 
nonhost crops such as corn, oats, or alfalfa. 
In summary, although the total synthesis of 
glycinoeclepin A was not achieved, several 
analogs were prepared. One of these was 
active at the parts-per-million level. Investi­
gators also identified the functional groups 
necessary for glycinoeclepin A activity; they 
plan to continue the study by synthesizing 
simpler molecules that contain the necessary 
functional groups. 
Implications 
Because control of SCN is a pressing problem 
in Iowa, new solutions are being addressed 
continually. It is very unlikely that there will 
ever be a single tactic for effectively managing 
SCN in agricultural soils. A more prudent 
approach to developing a control strategy for 
this pest is to develop a complement of strate­
gies that affect different life stages of SCN. 
Hatch stimulants like GK1-1991 would per­
fectly complement the use of SCN-resistant 
soybeans, which is the current primary means 
of managing SCN. Although no further test­
ing of GK1-1991 is planned, the progress 
made in the three years of this project has 
attracted additional funding from the Iowa 
Soybean Promotion Board for development of 
a hatching stimulus for SCN. 
Education and outreach: The investigators 
are disseminating information about this topic 
through various scientific articles and presen-
SCN eggs are so well 
protected inside the 
female that they can 
survive up to 11 years 
in the soil. 
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tations. The project has also been highlighted
at numerous field day meetings, in-service
training, and conferences attended by grow­
ers, university educators, and the agribusiness
For more information community, both in Iowa and Minnesota; the
contact G. Tylka, Plant
 ¥T , .  - w . .. , , A
P th loav Iowa State University or Michigan s entomology depart-
University, Ames, Iowa, m e n  t ^so invited one of the investigators to
(515) 294-3021. present a seminar on the topic. Because this
 project has generated considerable interest, it 
 was included the educational slide set devel­
 oped by the Leopold Center for Sustainable 
 Agriculture in 1992; it will also be described in 
a videotape and slide set on soybean cyst 
 . .. , , 
 nematode biology and management that are 
 currently under development with Leopold 
 Center funding. 
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